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Introduction: In 1971 Mariner 9 revealed the tunnel modelghat waspreviously not easily possible [9].
presence of sand dunes on Mamainly inthe Hellespontus Termed thefringe-imaging skin-friction (FISF) method, it
region [1]. Viking Orbiters 1 and 2 have revealguough utilizes lubricationtheory torelate thelocal skin friction to
their high resolution images, taige dune fieldhat covers the thinning of an oil film placed on the test surface. The

much ofthe north polaregion [2] and manyisolated sand oil thickness is determined by measuring the fringacing
patches overthe planet, especially within old degraded from photographs.Mean skin-friction and wind direction

craters west of Hellas Planitia. distributions can be obtained simultaneously in a single run
According tothe GCM predictions the winds on Mars by using multiple oil drops.
are probably bi-directional [3]this is also indicated by the The basis of thé=ISF method is irthe principles of

orientation of dune slifaces and wind streaks [2]. Similar lubrication theorythat related the slope of tlseirface of a
wind directions on Earth have produced moaenplicated very thin layer of oil tothe shear stresscting onit. The
dune morphologies of seind star duneswhich are procedure, summarized in Figure 2, consists of placing
widespreadover the world desertf4]. Recent works drops of oil on a specularly reflecting surface and subjecting
indicate someareoccurrence ofinear (seif) and star dunes it to an airflow. The oil will béblown downstreanforming

on several locations omars from images that show a inclined surface whose profile can be determined using
indistinct shapes after magnification [5,6]. It is important interferometry.

to determine whether the rareness or apparent absence of

seif and star dunes on Mars is related to agmge — CAMERA

resolution, different mechanisms of formation and MONOCHROMATIC LIGHT
movement, or to some other reasons.

Objective: It is theobjective ofthis study to look at
wind flow-fields around seif dune models #he wind
tunnel. Detailedvork on a seif dune ithe Sinai desert has
demonstrated the importance of thee side separation !
vortex in the form and development of seif dunes [7,8]. ~\W\ DNERERTEES
Wind that encounters the dupbliquely, at acute angle of o o A an o
incidence (28-459), is deflected on the lee side of the dune
and flows along that side parallel to the crest line.
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Figure 2. Interference pattern produc;ed by oil film.

There are many types ofdunes on Earth, with By illuminating the oil with monochromaticlight,
longitudinal (seif) and star dunes as timinant types [4]. interference fringes angroduced due tthe reflected light
On Mars the crescent barchans and their varieties seems tdfom the model surface interfering witthat reflectedrom
be theonly types found2]. One possible explanatichat the oil surface. The inclination of the oil filrman be
can be tested both theoretically and empiricallghis lee determined by measuring tispacing betweethe fringes.

side effect of the separation eddies downwind of dunes. It is The relationship between skin-friction coefficiemd fringe
the objective ofthis study to measure surfachear stress  spacing is expressed as [9]

and wind direction on the wind-ward and lee side of a seif EQ(nopoVo)(COSBr )/( coﬂ)[l
dune model as a function Bleynolds numbeand angle of Cf = 5 QAL glif [1]
0 run

attack (Figure 1).
wherec: is skin-friction coefficient,ny is index of olil
refraction, ispo is density of oilpg is viscosity of 0il8; is
incidence angled ; is refraction angleg. is free stream

Specularly reflecting surface

Dune Orientation Ang] dynamicpressure] is light wavelengtht is run time, and
~ AZ ¢ is fringe spacing along model surface froihleading
Wind Direct edge.
ind Jrection Average surfacshear stresst , can be related to the
Figure 1. Wind tunnel configuration. skin-friction coefficient through the following relationship
_ 1 5
. . . . . . T=c; -pU [2]
Experiment: This study utilizes a new and innovative 2

testing technique to measure mean skin-friction on wind-
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This technique has allowed simulation fidw over

sands dunes that wepgeviously not reasonably possible. ——~re-10,000
The resultdrom this study and subsequent experiments has i”f““’“
broad implications foduneforming processes ollars and =020 1 B
Venus. E —O—re=20000
Analysis: The laboratory measuremeat® similar to £0.15 |
field results thashow a drop irthe shear stress near the @
windward plinth of themodel andfrom there it increases 50.10 i
sharply to a maximum dlbe crest. There is another drop is §
shear stress at the less slope near the crest line and &
increases down-wind (Figure 3). 0.05 1
0.50
0.45 A ¢ 35 degree H 0.00
040 | -15 -10 -5 0 x/H 5 10 15 20
< 035 4 + 60 degree |
2 0:30 [‘xf A 90 degree Figure 5. Reynolds nur_nber erendence of over seif dune
P _
8 025 ﬁ (B = 35 degree dune orientation).
% 0.20 , .
5 Summary: A new technique has made measurement
% g'ig ) of surface stress on simulated Martian seif dunes possible.
: If seif dune on Mars existlow creatingthem would be at a
g'gg low Reynolds number compared terrestrial seif dunes.

‘ ‘ The preliminary results presented &esimulated Martian
15 -10 -5 0 X/H 5 10 15 20 dunes on the order of 1 m high.ee side reattachment is
Reynolds numbedependent (see Figuf. These results

Figure 3. Shear stregdistribution fof3 = 35, 60, and 90 indicate thatfor low Reynolds number flowgi.e. Mars

degree dune orientation (Re = 29,000) . conditions), that themechanisms requiredor seif dune
The wind directions on the lee slope diveirsm it formationare present on Mars, but the scale of Martian seif
free stream coarse and turns quasi-paralléhéocrest line.  dunes are would have to be on the order of 12 times smaller.
In all cases, thélow is separated, the crest line being the |f the scale orReynolds numbemere any greater, the
line of separation. The line of reattachmentasvn-wind mechanisms fordune formation and sand particle flux
of the crest, around X/H = 10 (Figure 4). would only allow for simple dune types.
The Reynolds number dependence of flow over a
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